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STAT

Nokaaam AKAajgeMHH HAVEK ccep
1960. Tom 134, N 4

TEXHHYECKASA PH3HKA

H. B. BATEHHH, B. A. HJIbHHA. B. K. KPHUKAS, akanemux r. B. KYPAIOMOB
n 6. B. LIAPOB e :

BJAWSSHUE HEATPOHHOIO OBJIYYEHHUS HA TOHKYIO
KPHUCTAJIJIMYECKYIO CTPYKTYPY H CBOWCTBA METAJIJIOB
U CIIJIABOB

OJHUM M3 CrIOCOGOB YIIPOYHEHHSI METAJIJIOB H CIJIABOB sIBJISETCA HelUTpOHHOE
obJiydyeHHe. »

B psne paGor coobuianoch, 4to o6/yueHHe HEHTPOHAMH NPUBOJMT K H3Me-
HEHHIO TOHKO# KPHCTaJJIHUeCKOH CTPYKTYPbl M€Ta/I/0B H CIlJI1aBOB (*-%). OnHum
M3 HHIMKATOPOB TAaKOrO H3MEeHEHMsi SIBJIAETCS pasMbiTHE JIMHHH HA PEHTIeHO-
rpammax, M0JIyYeHHbIX ¢ 06/TyYeHHbIX META/IOR H CIABOB.

(400)

e

Puc. 1. Ulupuna anuun (220) xkeje3a W THHHE (400) mMean 1o o6ayuenns (/) u nocne 06-
ayveHuna(2) HeHTPOHAMI

B paGote (*) HamMu Obin0 NOKA3aHo, UTO NOC/IC HellTPOHHOIro O0Jy4eHHs Ke-
7e3a, MeH H HeKOTOPbIX CIIJIaBOB Ha XKEJE3HOI OCHOBE MMeJ0 MECTO PasMbITHE
PEHTTeHOBCKHX WHTeP(hePeHIIHOHHbIX JAHHEHIL. BBHY TOro, yTo YUIHPeHHe JHHHHA
JUISL HCCJIEJOBAHHBIX MAaTepPHasoB Obiii0 OTHOCHTEIHHO He6O.1b1IIHM, OJIHO3HAUHO
YCTAHOBHTD, C KAKHMH H3MEHEHHSIMH TOHKOMH CTPYKTYPbl OHO CBSI3aHO, IIPEACTan-
J5i10Ch 3aTPYAHUTE IbHBIM. [T03TOMY MogyuetHbie B (*) nanubie paccMatrpHsa-
JIMCh HAMH JIHLIb KaK KaueCcTBeHHBbIE H NpeJBapHTe/IbHbIe.

B wuacrosieil paboTre HUCCJEIOBAIHCH Te Ke MarepHaJbl, 4To M B (*), HO
7032 HeHTPOHHOro 06/y4eHHsa AIst HHX Obl1a yBelHdeHa ¢ 102° o 10** njem?®
(06/1yueHHe B peakTope, CYMMapHbli notok). [oayueHuble pe3y.1bTaTbl IO3BOHAK
cneaath 6GoJjiee oOfpeJie/leHHbie BbIBOJbl O XapdkTepe CTPYKTYPHBIX H3MeHeHHuH,
CBSI3aHHBIX C Pa3MbITHEM PEHTIeHOBCKMX HHTED(epPeHUHOHHbIX JHHHUI, a TaKKe
0 XapakTepe H BO3MOXIbIX MPHYHHAX HIMECHCHHST HEKOTOPDbIX CBONCTB (MHKPO-
TBEp/0CTH) 00/yUYeHHBIX METaJJIOB H CIJABOB.

YcaoBHst 06.1VUeHHs, YCJIOBHSI PEHTTeHOCHEMKH H MeTOMKa pacdera peHt-
retorpamMmm OblLIH B nacTosiuteil padoTe TaKHMH XKe, KaK H B (Y. HccnepoBanuco

o6pasust Fe, Cu, Fe - 4 ar.s Ni, Fe 0.6 ar. ™ W. Tleper ofayuennem
Bee ofpasipl HojBeprainch orTmkiry: Feou ' Ni npi 600, Cu — upH
400" u Fe — W —— npi 650 . Pentrenorpaguceckor HECAeI0BARRe TIPOR3BO-
JHA0CH HOUH3AUHONHLIML METOIOM B MOROXPOMATICCROM  MCTHOM H31YUeHHH
Ha YCTAHOBKE, 1O3BOJSIOULEH  pEHTreiorpapipopaih  PATHOAKTHDULIE  MATE-
puaas (%).

802

Declassified in Part - Sanitized Copy Approved for Release 2012/01/11 : CIA-RDP80T00246A015900250001-8



Declassified in Part - Sanitized Copy Approved for Release 2012/01/11 : CIA-RDP80T00246A015900250001-8

»

Kemamse H B. Lamenuna, B, H. Havunotiy 1. K. Kpuurci, I'. B . Kudwmcea u b. B Ulapcea, cmp. 802

6

Puc. o i
c. 2. Pentresorpamms: HEOONYUEeHHON (a) u o6ayyennoi (0) menn

! K cmamee B. I1. Macaocea, cmp. 939

: Puc. 3. Bua sonopocseii B wande: a — ¢—Kopetdagaria sphaerica
| gen. et. sp. @ — 35X, 6 u # 15 X; o— Lithocodium glomeratum
Elliott. 35 x

JAH, 7. 134, No'4
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-

Jdast Kesesa u ero ciniaBos Hamepaaach wpuna aunuid (110) w (220), nas
MCIH AHHHE (200) 1 (400)

Ha puc. | ncvasano, kas wamensieres dopMa HitTepdePeHHOHHBLIX  AHHKT
STRORCIEID H oM fioc je HeliTponioro obayuenns. B oGonx CAy4udsax Hmeer
MeCto PA3MLITHE JIHHUH. ,

Ha puc. 2 upeacrasaens PEHTICHOIDAMMbI, 110.1yUeHHble OT O06.1yYeHHOH M
HEOOJ/IYYeHHOH MCIH ¢ HEllOABHIKHOLO 00pa3ua B }Ke/1e3HOM M3JyYeHHH METOLO0M
00paTHOH CheMkH. Buio, 4To yerkue TCYeyHbie pedieKchl Ha pEHTreHOTpaMMe OT
HeOOYueHnoro opasia nocae 06.1y4€HHA MEH 3aMeTHO Pa3MblBAIOTCS.

B 964, 1 ipuseicin rauusle no UIHpHHE JIHHHE 1as1 00.1yYeHnblX H HeoGay -
HUHHDIN JR€IC3d4 H MEAH M PAaCCYHTAHHBIE 110 HUM 3HAYEHHS MHKpPOAedOpMallHu
Aa.a u obaacrei KOTEPEHTHOro paccesnns D. B pesyanrare obayuenus mpo-
HIOULTH CVILeCTBeHHble H3MeHeHHs1 (0CoGeHHO AJs1 MeIW) B COCTOSIHHH TOHKOI
hPHCTALIHYECKOIT CTPYKTYPLl MeTana.

TaG6auwna 1

Hasenenme wnpuuw HHTEPDEPEHUHONHNX JTHHUM JKede3a H MeAH [ocae
HeRTPOHHOIrO 05ayuenus

!
e ‘ 11 b 3, ENE
; HH,thu,x ipiuHa itk B, o pag r Hekamenns Benuna
| OThaKaO- 11 poaa i
Marepuaa | uet nwaoc- | ‘ a OnOKOB
Koot | noc.1e Rl DA, cm
(hkl) 1\ RO ofayucHis OF Ay YoM &
— L - ——————
| f I |
Fe [ oy | 50 | 5.8 0,65 8
AT I B 0% 9.4 |
Cu [ (200 5,49 7,0 f
L (400) | v o110 | 15,6 , t 5

Has tBepaoro pacTeopa xeqe3o — HHKeIb onpene’enuit Aa;a u D ue npo-
H3BOJIMJIOCH, TAK KaK, XOTs 1locJe 06.1yueHHs H Hab.1101a10Ch HEKOTOpOE pasmbl-
THE JIHHHH Ha PeHTIeHOrPaMMaX 3TOr0 CIAaBa, HO CaM sPdexT yunpenus anuuu
OblJ1 HEGONLUIOK U, C.IeI0BATe/IbHO, ONpefiesielie BeIHUHHLL Aa/a u DD ne Morso
GbITb NPOH3BEIEHO C JAOCTATOUHOH TOYHOCTLIO,

Jas cnaasa ikedeso — BO/IbPEM H3MEHEHHS UIHPHHBI HHTepdepeHHOH-
HBIX JIHHHH 1ocse 06ayYeHHs NPakTHYECKH Ha Haba100a/0Ch.,

[locne obayuenns tBepnocTs Beex HCCJ/1€/I0BAHHBIX METAJ/JIOB IMOBLICHIACD.
C yBeaudenuem j03bl 06/yYennss TBeprocTh H Bo3pactana, OTHOCHTENbHOE
H3MeHeliHe [{ 115 pasauuubix MaTepHa.10B OblJI0 pasHbIM.

Ta6auna 2

Hunvenenne muxporsepaoctu Fe, Cu, Fe—Ni n Fe — W
rnocjie HeHTPOHHOrO 06AyueHHs

i
Hiamen. mupu-
Hbl JIHHHH Moc-
JI¢ HeHTpoir,

HsMen. MuUkpoTBepaOCTH
| nocae HeHTPoH. 06ayu., 0

Huzexcur
OTPaXAIOEeH

Matepraa | ; MIIOCKOCTH obayu., 9
i kil 32
1020 1, ea? I 102t 1y 70 v® ’! (kL l mfflgf‘m
I e —————
e e |
Fe | 41 | oo el ! 38
Cu | 26 J i L ooy | 42
Fe-:4% Ni | 27 V A0 T . n
Fe 4-0,6 0, W | 28 | 66 sty
{

B tada. 2 nomeuennt jgannbie 06 0THOCHTEILHOM H3MEHCHHH  TBEp,10CTH
HCCIEAOBAHULIX  MeTanNioB W cnaason (Fe, Cu, Fe — Ni, ¢ W) nocae
o6aydyenns ux neiirponami. HauGosnwee YIpOYHenHe NOAYYII0Ch V C1aBa
Hee30 - BO.IbGPAN. Y ClaBa MKeJe30 - HHKeJAbL H iKeesa o elelb yipoy-
HEHIST  OHHAKOBA, y MEIH  HECKOJLKO Mmemulle. Hutepeciio OTMCTHTb, YTO
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»
-~ et . ~ gy e . . N EYRIPEE] . . P
Y OBJYHCHHOUO CitlaBd mkedeso . - BOMpP AN, BpOtiicdie LoTopoOro ORdsa-
AOCE CUMBIM. BLICOR UM, NPAKTHICCRI 1€ GLLLO [1 86MBETHN PO CHOTC HHgep-
GCPCHIIONHBIX JIHHIT, B 10 spova win MU b ORLTG CHMbiM DL LT HM

(4 Yy iipoUHEiie -~ HAHMCHDLLUIINY,

B ta6i. 2 nomeinent Takxe gauunie 06 niMenenii i pesy.anrare 0bayyeHud
DIHPHHBL HHTEPGCPCHUHOHHBIX JHHHHA 118 TeX Ke 00pa3noB MeuH, Kesqesa,
Heslesa — HHKeNs HoKedesa — soanbpava. Bperropekite YIini ObiTH IPAKTH-
YeCKH OAHHAKOBBI JIs1 BCCX BLIOPAHUBLIY HT, HWIHPHEA KOTOPLIX 01ipene.1a.1ach,
470 °1aBaJ0 BO3MOXKHOCTb CPAaBHCHN sixbekTan VIIIPCHHS JIMHHIL B PA3 THYHBIX
MATEPHANAX,

HNonyuennble ganusic nokasviBaor, uro p peay.abrare obiyueHusa aelH H
/KEN€E33 LIPOHCXOAAT HIMEHeHHst HITCPePCHLHONHON NPT, anaJor HUHbe
H3MEHEHHAM, BBI3LIBACMbIM  XOJOHGH  1LTACTHUEC KO Jeopyaiueit. Auanus
3THX H3MCHEHHI IPHBOJHUT K 3ARMOYCHHIO, YTO B pesvibnrare oﬁnyuemm HMeeT
MeCTO YMCHbLIEHHE paaMepou ob.racyen KROTCPCHTHOIO PACCesiHHI H ROIHHKHOBe-
HAE MHKPOHANPSKEHHI TOIO Ke HOPDHAAKA BeAHYHHL, KAK H DK XOJIOHOH
niactuueckor gegopmaunn. [losiomy nosuimene TBEP10CTH MOKHO ObL10 Gbl
CBA3ATL C H3MEHeliHeM CyOCTpYKTYpul 3epHa --- pasapobienies i PasOpHEHTH-
PoOBKOH MHKpooGaacTel. OfHAKO Takoe o6bLICHEHHE HEMPUMEHHMO B cJydae
cnsiaBa Fe — Ni u B ocoGentiocti citapa Fe — W, B KOTOPOM VUIHPEHUST JIHHUH
PPAKIYIECKH He HAO/IOAAeTCsi, TOria Kak YNpouHeHHe BecbMa 3HaYHTETbHO.
YrnpouHeHHe 3gech, MO-BHAHMOMY, CBSi3aHO He C BO3HHKHOBCHHEM [HCTEpCHOM
CYOCTPYKTYPLI 3€PHA, @ C H3MEHEHHCM CBONCTB KPHCTALIOB B MUKP0OG.1acTs X
C TIOBLILICHHEM COTPOTHBJEHHA ABHKEHHIO AHCJIOKZIMI B peuleTke MeTansaa.
Takoe nOBeleHHC AHAIOIHYHO HENCTBIO ATOMOB PACTBOPEHHOr0 3.1eMeHTa.
Moxuo jymars, 4TO MaMeHenHe CBONCTE B pesy.arTtate O6.1yueHHs CBSI3aHO
C HaMIHYHEeM TOYEUHbIX JeeKTOB THIIA ¢BAKAHCHS — BHEAPCHHDLIH aToM» H Xapak-
TEPOM HX pacrpeneneHus. B rakom c.1ynae MOKHO 6bliio OZKHAATb, YTO [IPH XO-
JIOJIHOM TinacTHueckol medopMaiiii HeoG/1yueHHble W 06JyueHHbIe MaTepHasl
6yayT BectH cebs Nogo6Ho 1BEPJILIM DACTBOpPAM ¢ pasHoit KoHuenTpauueii (°),
T. €. yIpOYHCHHE 32 cYeT O0.1YUEeHHST ¥ 33 CyeT nocseayviouel xonoaHoi gedop-
Mauii OyAeT affiHTHBHLIM.

Ha puc. 3 npuseaennl spisuie sasicumoctn MHKPOTREPJOCTH 01 CTelleHH
XONOHOi feopMallHH KeTe3a 114 HEOOJIYUeHHOrO 1t IpeABaPHTEILHO o6ay-
dennoro obpasuwos. TepaocTi, 1ocaerHero TIpH Bcex cTenessx ledopMaiHu
ocTaercst 0osiee BHICOKOH. Pasnuua B TBEPIOCTH C NOBbILLIEHHEM cTeneHH aedop-
MAIHH yMelbIIaeTest, a nocde BLIcokoit (900) creneny JedopMaitiiy CTAHOBHTCA
MOYTH BIBOE MEHbLIe MO CPABHEHHIO C HCXOAHOI (j10 Jedopmanuy),

Ecau ynpounenue s pesy.abrare o0ayueHHst 06yc.10B1HBaeTCs ABYMA dak-
TOPAMH —- H3MEHEHHEeM CBOHCTB KPHCTAJIOB B MHKPOODAACTAX H BO3HHKHOBe-
HHeM GoJsiee nucnepcHoil CYOCTPYKTVPbL 38pHA, TO MOKHO AyMaTh, YTO MeHbLIas
CTENENb yNPOYHEHHS TPH MJIacTHYCCKOH Jedopmaunu 00.1y4eHHOro Ke.1e3a
00s13aHa HAJHYHIO TOHKOII CYOCTPYKTYPbL ewe 10 jchopmamiin. PasmHila
B TBePDIOCTH MOCJe BLICOKHX creleHelt ae@opMam!m MOXKeT ObITh OTHCCEeHA r1ae-
HbIM 00pa30M 32 cueT pasHHULI B CBONCTBAX KPHCTALI0B B MHKP0OG.1aCTAX.

C onucaunoii Touku apenus Mpeicrasaser HuTepec 1ehopMallis MaTepHa. 0B,
B KOTODBLIX n0C/1e O6ayueHHs] #e HaBMONaeTca 3aMETHOro H3MEHEeHHUsT TOHKOI
KPHCTANTHYECKOH CTPYKTYPBI aepua.

Ha puc. 3 [IPHBEAEHL! AaHHble 00 H3MEeHeHHH TBEeP,1OCTH NPH XOJ0JHOI Je-
dopMaunu HeobayyeHHOro 1 06.1yuenHoro o6pasuos cmiasa Fe — W, Yy KOTO-
POro o6:yueHue He BBI3bIBAIO PasMLITOCTIH nreptepenunii. Pasiitua B tsep 1o-
CTH 10 1ehOpMalHH BeCHMA 3HAYHTEILHA —O0KO.10 100 eaAHHHIL—it 00yCI0BaeHa,
O4EBHIHO, B OCHOBHOM H3MEHCHHCM CBONCTB KPHCTATIOB B MHKPO0O.1aCTAX.
Hpu nnactuueckodt nedopmaimin o6.ayueninnlii CraaB nokasa HeoOBYHOE HOBC-
ACHHE: TBeppocTh mocae 40%  aedopMauMu cHH3HIACH, TBEPJIOCTL  Heoh.1v-
4eHHOro odpasua rocme Toil Ke J1eOpPMaIHH 3HAYNTE TLHO BO3POC.1a, B PE3V.1b-
TaTe pasuvia B TBEPAOCTH CHILHO VMeHbLIINIach.
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AHOMAILHOMY TIORCTC HHKO 061y 4eHHOTO cnpapa o W MOomHO 1ate cae-
aywouee obnacuenie. B peavavrare OOIYHCHHSL HE TOTHKO cosna0Ton KT
THIA «BHEIPOIILIK @10M - HAKAHCHAY, 1o W MEHIQETCR pacnpereIentc Jroson
BO.ILpara 1 CTOPOIY  0OpU30BAHHS TEPMOTHHAaMHUCCKH Gostee CTaGHABHOrO
pacnperenenns. Ha BO3MOKHOCTb H3MeHeHUs pacnpejenenus atoMoB ykasii-
BAET NOBbIUIeHHE CTeNeHH NaJbHEr0 H 6HMKHero NOpsiika 11pH ofayueHnu ge-
VHOPAROYEHHBIX TBEPALIX PAcTBOPOB. IToBLiuenye TBEPIOCTH CIidBa locsie o6-
TYHEHUST MOXKET NPOUCXOAHTE YACTHIHO 33 CueT BO3HHKHOBEHHS HCOHOPOAHOCTIH
B pacnpenesieniin aToMoB BoabppaMa W, Takuy 06pa3on, 33 CYeT BHLI3LIBAEMOrO
NN e NCHCHMSL CBOMC TR KPHETALI0B TBEP10TO pacTBoOpa.

>
boaa LI L

T mnms s D e

£ ZfﬂN -

) 7.?0{} B S
b oiag f’y{)'r“_,-,,“pﬁ
T kf?&"

oA

9 V170 T {L - l
100 - *-} /5(7! ‘ T~~T—>T—— -},*— ’
:1{) S S R N S B N 2 I S R Lo
0 10 20 50 40 50 80 M 81% P20 30 W50 60 M0 80 %
LePopmayus ——— LEPOPMAYUS ——eom

Puc. 3. T'paduku 3asncumocty MHUKDOTBEPLOCTH OT cTenenn aedopMaumy gis
Xeae3a u cnaasa Fe — W 1o obayuenus (/) u nocae ob.ydenus (2)

[lnacruueckas nebopmanus IPHBOLHT K M3MEHEHHIO pacnpeneents aromos
B CTOPOHY 60Jiee XaOTHYHOro CTATHCTHYECKOTO pacripefenenus, u, caenoBa-
TEJILHO, MOXET IPHBECTH K CHHXEHHIO 10JH YNIPOUHEHHS 3a CYUECT H3MeHeHHs
paciipeenienHsi BoJibdpaMa. ITo cHUKelHe, TO-BHAHMOMY, NepeKphiBaeT yBesnu-
HEHHEe TBEPAOCTH 3a CYeT Pasapob.ieHHs 3€pHA, KOTOPOE HMeeT MecTo B cayyae
AehopMaLHH HeO6NYYeHHOro cNiapa, ' :

[Ipu BricOKMX cTenensix RedopMaunu pasznuna B TBEPNOCTH 06Jy4eHHOro H
HeOG1y4eHHOro CNIaBa OCTAeTCH NOCTOR HHOM, KaK H B ca1yuae keqesa. Ona ofy-
CJIOBJIEHA, N0-BHIHMOMY, Pa3HHIEH B CBOHCTBAX KPHCTA1.10B TBEPAOTO pacTBOpa
BCJICACTBHE HANHYHA NeDEKTOB, BhI3BAHHBIX obanyuenneMm. Tak kak sta pasHuua
=2 30 enHHHL) 3HAYHTENBHO MeHblIe HCXOLHOIT, mepen Redopmarnueit (AH =~
= 100 eaunnu), To MOXHO 3aKJIIOUHTD, 4T0 6C.IbLOE YIIPOYHEHHE CNaBa Fe —W

. NpH 06/1y4eHHH 06yC/I0BAHBAETCS B 3HAYHTETHHON Mepe H3MeHeHHeM pacnpene-

JICHHA aTOMOB Bo.ib)paMa B TBeprom pacTrope.

as nanbHeituero Buiscuenus NIPHPOABL YNIPOUHEHHS U 60.l1ee YeTKOro pas-
ACICHUA DOJIH H3MeHeHHS CBOHCTB KPHCTANIOB B MHKDPOOG.1aCTAX H TOHKOI{]

. CYOMHKPOCTPYKTYpbI 3epHa MPEACTaBAf10 Obl HHTEPEC H3yueHHe YNpOYHeHHs

NpH nedopMaun o6NYyUeHHBIX YHCTHIX METAJIIOB, Yy KOTOPBIX 06JyYeHHe He Bbi-
3bIBAET Da3MBITOCTH PEHTFEHORCKH X HHTEPDEPEHIHOHHBIX THHUI, KAK 5TO HMeer
MeCTO i cmaaBa Fe — W,

HucTutyr teopernueckofi i SKCOEPHMEHTAIbHOIT (PH3UKY Ioctynuao
Akazemnn nayk CCCP 29 VI 1960

Hucturyr meraniosenenns bu3KKH  MeTad0B
Heurpansuoro HAYUHO- HCCIeAOBATEALCKOTO
HHCTHTYTA ueproil Metaaayprun um. M. [I. Bapauna
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